INTRODUCTION
In Colombia, R. glaucus Benth, commonly referred to as mora de Castilla, is the most popular species of Rubus to be cultivated. Colombia produces approximately 116000 tons from a total cultivated area of 13200 ha (CARVALHO & BETANCOUR, 2015) . As this fruit is highly perishable, storage poses problems (VILLEGAS & ALBARRACÍN, 2016) . The problem is linked to the physiological, ecological or environmental factors (ESTUPIÑAN et al, 2011) , and particularly because this fruit plays host to a wide spectrum of microorganisms, of which C. acutatum is the principal phytopathogen.
It is well known that C. acutatum damages several plant organs like stems, leaves, fruits and flowers. Although, it can attack fruits, mainly during the late stages of maturity, it occurs mainly in the postharvest phase as anthracnose (RUEDA et al 2013) . At this time the fungus first induces latent infections, by infecting the immature fruit and enters a dormant state until the fruit attains full maturity and then it recommences its development. The plant exhibits the characteristic symptoms of brown lesions that get darker over time (FORCELINI et al., 2018) . Diseases cause huge economic losses in terms of poor crop quality, and minimize drastically the competitiveness in complying with the export regulations (BETANCUR, 2014) . This significantly governs the decision to conduct research on this pathogen González et al. as a priority, utilizing tools which can facilitate its diagnosis and evaluate possible treatments.
Normally, for any disease-related diagnosis, knowledge regarding its intensity is essential, either by incidence or severity. For such types of evaluation standardized, reproducible, accurate, and precise methods are required. Only then can all kinds of variability be avoided when different evaluators are used to measure the same characteristics of the material (PRICE et al., 2016) , (NUÑEZ et al., 2017) . The most popularly used technique is the diagrammatic scales method because it is a direct and simple measurement process to assess disease severity (ORTEGA et al., 2016) . In this method, the plant tissue area affected by the disease symptoms is delimited in a percentage quantification, supported by graphical tools that appreciably improve the measurements. This method makes it possible to know more objectively and precisely the disease progression (BELAN et al., 2014) . Generally, the diagrammatic scales of severity in the plants must satisfy three criteria: i) the upper and lower limits of severity observed in the field must be defined ii) the symptoms represented must be identical to the ones visible in the field, and iii) their levels of intermediate gravity must be interpreted based on the Weber-Fechner stimulus-response law modified by Horsfall and Barratt in 1945 (CAMPBELL & MADDEN, 1990) . Similarly, these scales must be validated before being proposed as a standard method of quantification, to ensure that they are accurate, precise, and repeatable (CAPUCHO et al., 2011) .
In order to propose a method of measuring the pathogenicity of C. acutatum in the spineless variety of R. glaucus Benth, it was established a logarithmic diagrammatic scale of severity based on the WeberFechner method modified by Horsfall-Barratt.
MATERIALS AND METHODS
Vegetal material. Fruits of the spineless variety of R. glaucus Benth were collected in Santa Rosa de Cabal, Risaralda, Colombia. These were selected and segregated based on the criteria of quality and maturity level according to the Colombian technical standard NTC 4106 (VILLEGAS & ALBARRACÍN, 2016) . While being transported the samples were maintained at 4 °C, and later refrigerated at 4 °C in the laboratory.
Inoculation of fruits. Initially we carry out a surface disinfection of the fruits. Subsequently, the fruits were inoculated with a suspension of 1x106 spores/ml. Samples were kept in chambers under incubation conditions at room temperature and a relative humidity of 90-100%. Fruits used as control treatments, were subjected to similar procedures where they were disinfected, and then sterile distilled water was sprinkled on them.
Evaluation of severity patterns of the disease. Photographic tracking was done and the progress of the disease was recorded. A Nikon digital camera, model D610 was used to capture the images. The software ImageJ was used to measure the areas of lesions and the fruit sizes were noted. From these findings, the relationship between the infection manifested, in terms of the total area of the fruits, and the diagrammatic logarithmic scale which represents the percentage of damage the fungus caused in the fruit at different stages was developed. The diagrammatic logarithmic scale includes the descriptive key and photographic representation related to each class or category of measurement.
Images showing percentages of severity as near as possible to the midpoints of each class were selected, while attempting to preserve the original color to the best possible degree.
Validation of the diagrammatic scale of severity and statistical analysis. The accuracy and reproducibility of the proposed severity scale was established based on the description of (ORTEGA et al., 2016) , but with some alterations. To accomplish this, two evaluations were performed under laboratory conditions, based on the parameters of visual evaluation. A set of 23 photographs showing different degrees of severity, as well as the scale, were colorprinted on high-quality photographic paper in lettersized sheets. Results obtained were compared with those gotten using the ImageJ software.
With the help of 14 evaluators (agronomists, biologists, phytopathologists and research assistants) the evaluations were carried out over two sessions. In the first session two evaluations were performed, one without using the scale and the other using the scale. After eight days, in the second session, the evaluators utilized the scale. With the estimated measurements using the scale and the real values of severity derived with the program, it was performed a simple linear regression analysis for each evaluator data in order to calculate the accuracy (R 2 ). Accuracy was confirmed with the student t test applied to the intercept (β 0 ) to verify the hypothesis H 0 : β 0 = 0, and the slope of the line (β 1 ) to verify the hypothesis H 1 : β 1 = 0. Reproducibility of the scale was assessed using the coefficients of determination of the linear regressions between the severity determined by two evaluators. The calculations were made using the BM SPSS Statistics 23.0 program.
RESULTS
Diagrammatic logarithmic scale of severity. A total of six classes were determined, which included the following intervals: 1 = healthy; 2 = 1-6%; 3 = 7-25%; 4 = 26-50%; 5 = 51-75%; and 6 = 76-100%. (Figure 1) .
Validation. Using the data drawn from each evaluator, the linearity coefficients were calculated ( Table 1) .The evaluators experienced a great deal of difficulty when the scale was not available to them, this was evident from the low precision of most of the evaluators, with R 2 falling between 0.23 and 0.95, and average of R 2 = 0.73 ± 0.19. On the contrary, when the scale was used results showed a remarkable improvement for all the evaluators, revealing variations for R 2 between 0.84 and 0.97, with an average of 0.91 ± 0.03 for the first evaluation, and between 0.77 and 0.98, with an average of 0.88 ± 0.06 for the second. Regarding accuracy, when the evaluators didn't use the scale, intercept values β 0 were reported to be significantly different from zero, producing rejection in most instances. However, for slope β 1 , only one of the values showed significant difference compared to one. But when the evaluators used the scale, more accurate results were obtained in both tests. For evaluations one and two, coefficient β 0 revealed that 3.84% of the data were significantly different from zero, while for coefficient β 1 , no data were observed to be significantly different from one. From these results it is clear that most of the evaluators gave acceptable degrees of accuracy and precision. Besides, these conditions were seen to improve when the scale was used, the exception being for evaluators e3, e7 and e9, whose even with the use of the scale did not achieve the expected results. Figure 2 shows the residuals (absolute error in the estimated severity vs. real severity). A total of 966 data were analyzed (14 evaluators, three evaluations, 23 fruits). The highest absolute errors were achieved when the scale was not used, demonstrating a remarkable tendency to undervalue the degree of disease severity (upper section of Figure  2 ). In the evaluation without using the scale, an absolute error range of -100% to 70% was reported, while in the instance of evaluations one and two (with scale), range was seen to be from -42.25% to 45.63% and from -65% at 63.63%, respectively (intermediate and lower sections of Figure 2 , respectively). The last two cases retained the tendency to under rate the severity; although, it was less noticeable than in the case of the evaluation without the scale.
Regarding reproducibility, in the cases where the scale was not used, the R 2 values were between 0.06 and 0.94 with an average of 0.62, and with 29% of the data above 0.80. Conversely, in the first evaluation with the use of the scale the R 2 values were from 0.70 to 0.96 with an average of 0.87, and with 96% of the data above 0.80. In the second evaluation with the use of the scale the R 2 values were from 0.61 to 0.97 with an average of 0.867 and with 81% of the data above 0.80 (Table 2 ). This shows that the data where the scale was used exhibit high reproducibility and that the R 2 values increase with the use of the scale.
DISCUSSION
The number of classes selected for the logarithmic scale constructed in this study is within the ranges that other researchers have considered suitable and is in concordance with most of the diagrammatic logarithmic scales which are in the range of five to eight classes (BOITO et al., 2013) . In addition, other authors have reported satisfactory results while employing the established severity intervals for this scale (LADD et al., 2011) , (BUFFARA et al., 2014) , (NICOLI et al., 2015) .
Many types of diagrammatic scales of severity available are based on measurements, including the logarithmic, linear approximations or totally arbitrary ones (NICOLI et al., 2015) . However, When the accuracy of the evaluators assessed from the hypotheses H 0 : β 0 = 0 and H 1 : β 1 = 0 is considered, more rejections were observed in the cases when no scale was used. Similar behavior was observed with the correlation coefficient R 2 due to the fact that the average values obtained using the scale in the first and second tests showed an improvement of the order of 24% and 20% respectively, when compared to the value obtained without using the scale.
According to the criteria employed by ORTEGA et al., (2016) , absolute error values of up to 5% are accepted as excellent, while values of up to 10% are considered acceptable. In the present study, when the scale was not used 55% of the data fell within the range of -10% and 10%, while in the case when the scale was used 73.3% and 68% of the data fell within the range of -10 and 10 in the first and second evaluations, respectively. From these results it is evident that the number of data considered acceptable becomes significantly higher when the scale is used.
According to ORTEGA et al., (2016) , most of the research conducted on the agricultural pathosystems showed that when the diagrammatic scales are not used, there is a tendency to overestimate the disease, while a fewer number of research works stated that the tendency is inclined to underestimate the disease. In this study, when the scale was not used, 61% of the evaluations were underestimations of the disease, while 17% were overestimations. For the first evaluation made with the scale 48% of the evaluators underestimated the disease, while 27% overestimated it. For the second evaluation with the scale, 48% of the evaluators underestimated the disease, while 31% overestimated it. The absolute Evaluators  E2  E3  E4  E5  E6  E7  E8  E9  E10  E11  E12  E13  E14 - 
CONCLUSION
According to the present research the diagrammatic logarithmic scale of severity constructed for Colletotrichum acutatum induced anthracnose in the fruits of the spineless variety of Rubus glaucus Benth can be successfully implemented as a standardized method, which is reproducible, accurate, and precise in assessing the damages caused by this disease.
